ABSTRACT
INTRODUCTION
Avulsion of the levator ani muscle (LAM) is a form of pelvic floor muscle trauma that seems to occur exclusively at the time of vaginal delivery, with a prevalence of 10-35% depending on obstetric practice 1 . It is a known risk factor for female pelvic organ prolapse (FPOP) and for prolapse recurrence after surgical treatment 2, 3 . Hence, it seems prudent to include assessment of the LAM in the evaluation of women suffering from FPOP for informed counseling, especially when mesh is contemplated for treatment 4 .
Although avulsion can be diagnosed by palpation 5, 6 and other imaging methods, such as magnetic resonance imaging (MRI) 3 , translabial ultrasound is the least invasive and most widely available imaging method. Sonographic diagnosis of this condition has been standardized through the use of tomographic ultrasound imaging (TUI) during pelvic floor muscle contraction (PFMC) 7 . This method is highly repeatable 8 and agreement with MRI is high 9 . For a number of reasons, some patients may be unable to achieve a satisfactory PFMC 10 and published methodology suggests that avulsion should be assessed at rest in these cases. There is currently no evidence to support the claim that both methods are equivalent with regard to their diagnostic performance. The aim of this study was to validate the diagnosis of levator avulsion by means of TUI at rest. 
SUBJECTS AND METHODS
This study was based on the analysis of data obtained during routine clinical practice in a tertiary urogynecological unit between January and July 2013. All subjects underwent a standardized interview, multichannel urodynamic testing, International Continence Society (ICS) Pelvic Organ Prolapse Quantification (POP-Q) examination and four-dimensional (4D) translabial pelvic floor ultrasound in the supine position and after voiding, as described previously 11 . The interview included an in-house standardized questionnaire regarding symptoms of a 'vaginal lump or bulge' or 'dragging sensation' and documentation of prolapse bother using a visual analog scale 12 . The study was approved by the Nepean Blue Mountains Local Health District Human Research Ethics Committee (NBMLHD HREC reference no. [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] .
Ultrasound volume data were obtained at rest, on maximal Valsalva and on maximal PFMC. In practical terms, this was achieved by recording cineloops of multiple volumes (typically ) during a Valsalva maneuver and on PFMC. These saved cineloops contained multiple individual volumes at rest and volumes at varying degrees of Valsalva strength and duration, and likewise for PFMC. Postprocessing of individual ultrasound volumes representing the status at rest and on maximal PFMC was performed by A.P.G., using proprietary software (4D View v10; GE Medical Systems, Zipf, Austria), blinded against all clinical data. Avulsion of the puborectalis muscle was defined as an abnormal LAM insertion, visible on at least three consecutive axial plane slices, at and above the level of minimal hiatal dimensions, obtained at an interslice interval of 2.5 mm 13 ( Figures 1 and 2 ). In cases in which a definitive diagnosis could not be made, the levator-urethra gap (LUG) 14 was measured in the same three slices. LUG is the distance between the center of the urethra and the insertion of the puborectalis muscle on the axial plane and was considered abnormal if ≥ 25 mm 14 . In all patients (except those who were unable to perform PFMC), we performed tomographic assessment for avulsion in volumes obtained at rest and on maximal PFMC. Significant FPOP was determined clinically as ICS POP-Q Stage 2 or higher. Prolapse assessment was performed using ultrasound volumes obtained on maximal Valsalva, with measurements compared against a reference line placed through the inferoposterior symphyseal margin 15 . Hiatal dimensions, and thus hiatal ballooning, were also determined in volumes obtained on maximal Valsalva, as described previously 16 . We attempted to validate TUI diagnosis of LAM avulsion at rest and on PFMC against symptoms of prolapse, prolapse bother and signs of prolapse on clinical examination and on ultrasound imaging.
A test-retest series for the diagnosis of avulsion using the established methodology was obtained by A.P.G and R.G.R., yielding a Cohen's kappa value of 0.875 (95% CI, 0.635-1.000), representing very good agreement.
Statistical analysis was carried out with SPSS v12 (SPSS, Chicago, IL, USA) and Minitab v10 (Minitab State College, PA, USA), using Student's t-test and Fisher's exact test. P < 0.05 was considered statistically significant.
RESULTS
Between January and July 2013, 233 patients were seen at our tertiary urogynecological unit for assessment. Due to lack of equipment availability on 4 days, volume datasets of ultrasound imaging were available for 204 patients. Two patients were unable to produce a PFMC on demand and were excluded from the study. The final dataset comprised ultrasound volumes from 202 patients and all reported data relate to this population. Age (mean ± SD) at assessment was 53.9 ± 14.5 years. Body mass index (mean ± SD) was 28.9 ± 6.6 kg/m 2 . Parity (mean ± SD) was 2.5 ± 1.4. A total of 85% of women had had at least one vaginal delivery and 20.8% of these involved assistance with forceps; 30% of women had undergone previous hysterectomy and 15.8% had undergone previous surgery for FPOP. A total of 105 (52.0%) women presented with symptoms of FPOP, 71.7% had a history of stress urinary incontinence and 68.2% had a history of urge urinary incontinence. The mean bother of prolapse symptoms was 2.9 (range, 0-10) using a visual analog scale.
On clinical examination, 73.8% of patients had FPOP ICS POP-Q Stage 2 or higher. There was a cystocele in 106 (52.5%), uterine prolapse in 18 (8.9%) and posterior compartment descent in 117 (57.9%) cases. Values (mean ± SD) for POP-Q coordinates Ba, C and Bp were −0.9 ± 1.8, Thirty-two women were excluded from the validity analysis due to a history of prior prolapse surgery. Ultrasound volumes from the remaining 170 women were used to determine the association of the two TUI methods with symptoms and signs of FPOP (Table 1) . We considered the test to be positive if it met the criteria for either right-or left-sided levator avulsion. Both methods were shown to be valid, in that TUI findings at rest and on PFMC were similarly associated with clinical prolapse diagnosed on ICS POP-Q, with prolapse diagnosed on sonographic imaging and with hiatal ballooning. When diagnosing avulsion on PFMC, a positive test was associated with significant increases in POP-Q values, namely points Ba (P = 0.0002), C (P = 0.0125), Bp (P = 0.0125) and the sum of POP-Q measurements Gh + Pb (genital hiatus and perineal body, P < 0.0001). When diagnosing avulsion at rest, a positive test was equally associated with higher values for points Ba (P < 0.0001), C (P = 0.0026), Bp (P = 0.0004) and the sum of Gh + Pb (P < 0.0001) (Mann-Whitney U-test). 
DISCUSSION
Diagnosis of major levator trauma or 'avulsion' is becoming more popular in the investigation of women with pelvic floor dysfunction, especially those with FPOP. It is now clear that avulsion is a marker for patients at high risk of prolapse recurrence, and some authors advocate mesh use in these women 17, 18 . As a diagnosis of avulsion may have substantial clinical consequences, standardization of diagnostic methods seems imperative. Although it is possible to diagnose avulsion by palpation 5, 6 or MRI 3 , translabial ultrasound currently seems to be the most widespread method employed for this purpose. Three-dimensional (3D)/4D ultrasound has enabled access to the axial plane using non-invasive translabial sonographic imaging that seems largely equivalent to MRI 19 . Over the last 10 years the tomographic variant of translabial 3D/4D imaging has been standardized to such a degree that it is becoming the gold standard method for the diagnosis of levator trauma. However, the published standard method requires imaging on PFMC and not all patients with pelvic floor disorders are able to perform such a contraction 10 . Hence, we wanted to validate the diagnostic performance of imaging on PFMC against the performance of imaging at rest.
Our findings suggest that there is only moderate agreement between the diagnosis of avulsion at rest and on PFMC. This was also true for the performance of LUG measurements, which were substantially higher when measured at rest than on Valsalva. However, the assessment at rest did not perform less well for predicting significant FPOP in any compartment or hiatal ballooning. This suggests that assessment of tomographic slices for avulsion at rest is equally valid when compared with assessment on PFMC.
A recently published study using the same ultrasound methodology in a slightly smaller series of primiparae 20 concluded that there was a trend towards a stronger association with anterior and posterior compartment prolapse in women diagnosed on PFMC than in those diagnosed at rest. Agreement between the methods was only moderate, similar to that observed in our study. The authors suggested that, on the basis of this finding, 'diagnosis of LAM avulsion on contraction seems to be more reliable' 20 . Although our results do not support this particular conclusion, there are no major differences between the two studies. Both may be interpreted as supporting the diagnosis in volumes obtained at rest if there is no alternative, i.e. in women who are unable to perform PFMC.
There are several weaknesses to our study that need to be acknowledged. It was a retrospective study using archived ultrasound datasets, analyzed by a junior trainee with very limited experience in pelvic floor imaging. However, some may see the latter as an advantage as our results are more likely to be replicated by units with less extensive experience in the field. In addition, we recognize that our findings were obtained in symptomatic women, who were largely of Caucasian ethnicity. As there are substantial interethnic variations in pelvic floor functional anatomy 9, 19, 21 , one may expect to observe different findings in other ethnic groups, especially with regard to the use of the LUG as an adjunct to assessment in difficult cases.
It may also be commented that, given the similar (or even slightly superior) diagnostic performance of assessment at rest, examinations should not be performed on PFMC in any patient. This argument seems plausible, but any attempt at practical application will show that a PFMC enhances tissue discrimination to such a degree that most practitioners will feel more comfortable assessing images obtained on PFMC (Figures 1 and 2) . For this reason, we agree with Van Delft et al. 20 and suggest that this practice be continued when possible, i.e. when the patient is able to perform such a contraction.
In conclusion, levator avulsion may be assessed on tomographic ultrasound slices obtained at rest if necessary, as this does not appear to be inferior to the assessment performed on PFMC.
